RNA polymerase β-subunit gene (rpoB) sequence analysis for the identification of Bacteroides spp.  by Ko, K.S. et al.
ORIGINAL ARTICLE 10.1111/j.1469-0691.2006.01553.x
RNA polymerase b-subunit gene (rpoB) sequence analysis for the
identification of Bacteroides spp.
K. S. Ko1, T. Kuwahara2, L. Haehwa3, Y.-J. Yoon3, B.-J. Kim3, K.-H. Lee4, Y. Ohnishi2 and Y.-H. Kook3
1Asian-Pacific Research Foundation for Infectious Diseases (ARFID) and Sungkyunkwan University
School of Medicine, Seoul, Korea, 2Department of Bacteriology, School of Medicine, The University of
Tokushima, Tokushima, Japan, 3Department of Microbiology and Cancer Research Institute, Institute
of Endemic Diseases, SNUMRC, Seoul National University College of Medicine and Clinical Research
Institute, Seoul National University Hospital, Seoul, Korea and 4Department of Microbiology, Cheju
National University College of Medicine, Jeju, Korea
ABSTRACT
Partial rpoB sequences (317 bp) of 11 species of Bacteroides, two Porphyromonas spp. and two Prevotella spp.
were compared to delineate the genetic relationships among Bacteroides and closely related anaerobic
species. The high level of inter-species sequence dissimilarities (7.6–20.8%) allowed the various
Bacteroides spp. to be distinguished. The position of the Bacteroides distasonis and Bacteriodes merdae cluster
in the rpoB tree was different from the position in the 16S rRNA gene tree. Based on rpoB sequence
similarity and clustering in the rpoB tree, it was possible to correctly re-identify 80 clinical isolates of
Bacteroides. In addition to two subgroups, cfiA-negative (division I) and cfiA-positive (division II), of
Bacteroides fragilis isolates, two distinct subgroups were also found among Bacteroides ovatus and
Bacteroides thetaiotaomicron isolates. Bacteroides genus-specific rpoB PCR and B. fragilis species-specific rpoB
PCR allowed Bacteroides spp. to be differentiated from Porphyromonas and Prevotella spp., and also allowed
B. fragilis to be differentiated from other non-fragilis Bacteroides spp. included in the present study.
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INTRODUCTION
The genus Bacteroides comprises Gram-negative,
saccharolytic, non-pigmented, obligate anaerobes,
including bile-resistant species described for-
merly as the ‘Bacteroides fragilis group’. The bile-
resistant B. fragilis group includes the anaerobic
bacteria encountered most commonly in clinical
specimens [1,2]. Although Bacteroides spp. are
isolated frequently from hospitalised patients, it
can be difficult to identify every clinical isolate to
the species level. A variety of antimicrobial
susceptibility and biochemical testing protocols
have been utilised for the identification of Bacter-
oides spp. However, the similar biochemical traits
shared by the members of this genus often lead to
ambiguous results. Moreover, some of the indi-
vidual reactions generate variable results,
depending on environmental conditions [3]. The
subjective interpretation of such results, and the
existence of ‘intermediate organisms’, which can
show ambiguous biochemical results, make it
difficult to rely solely on biochemical tests for
identification purposes [2,3]. Thus, the develop-
ment of a reliable molecular method for the
differentiation of these species would be helpful
[2,4]. For precise and definitive identification, a
variety of analytical methods can be applied.
These include metabolic end-product analysis,
lipid analysis, serology, and cellular fatty-acid
profiling by gas–liquid chromatography. PCR or
probe hybridisation are possible alternative meth-
ods for the differentiation of Bacteroides spp.
sharing biochemical characteristics [5]. However,
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these methods cannot be applied uniformly to the
identification of all Bacteroides spp.
DNA sequencing also constitutes a feasible
method for the differentiation and identification
of anaerobic bacteria, such as the Bacteroides group.
A phylogenetic classification of Bacteroides spp.,
based on 16S rRNA gene sequences, has been
described [6]. However, the sequence divergence
of the 16S rRNA gene is rather low, and thus this
method does not appear to form an optimal basis
for the differentiation of Bacteroides spp. [6,7]. In
addition, although not yet investigated for Bacter-
oides spp., the utility of the 16S rRNA gene
sequence has been questioned because of its
heterogeneity within individual organisms [8].
As stable protein-coding genes usually exhibit
higher genetic variation than the 16S rRNA gene,
these genes can also be utilised in the differentia-
tion of closely related taxa. The rpoB gene has
been suggested as a possible tool for bacterial
identification and phylogenetic studies [9–12].
The present study used rpoB sequence analysis
to investigate genetic relationships among refer-
ence strains of Bacteroides spp. and related genera,
and then identified clinical isolates on the basis of
their rpoB sequences, as well as by Bacteroides
genus-specific and B. fragilis species-specific
PCRs. In addition, the specificity and sensitivity
of the PCR procedures were tested by using
several common non-Bacteroides species as negat-
ive controls.
MATERIALS AND METHODS
Bacterial strains
Eighteen reference strains of Bacteroides, Prevotella and
Porphyromonas, and 20 aerobic or facultative anaerobic
bacteria (Table 1), were used in this study. Also included
were 80 clinical isolates of Bacteroides spp. Of the B. fragilis
strains, 49 were cfiA-negative (division I) and three were
cfiA-positive (division II) [13]. Four reference strains of
B. fragilis (ATCC 25285, ATCC 43859, GAI 97124 and
GAI 20306), all of which were cfiA-negative, were included.
The B. fragilis isolates were from diverse clinical presenta-
tions (abscess, diarrhoea, peritonitis, appendicitis, decubitis,
endometritis, colonectomy, ear discharge and hip burn) and
sources (blood, vagina, urinary tract, drainage fluid, catheter,
sputum and uterine secretion). The most common pre-
sentation was abscess (20 isolates). All reference strains
and clinical isolates were originally isolated, identified and
provided for blind test by T. Kuwahara (Tokushima Uni-
versity, Japan). Species identification was initially performed
with an API 20A Microsystem (bioMe´rieux, Hazelwood,
MO, USA), used in accordance with the manufacturer’s
instructions.
rpoB DNA amplification
DNA was extracted as described previously [7]. In brief,
DNA of anaerobic bacteria was extracted from a GAM broth
(Nissui Pharmaceutical Co., Tokyo, Japan) culture, incubated
at 37C under anaerobic conditions for 24 h, using an Easy-
DNA kit (Invitrogen, Carlsbad, CA, USA) in accordance with
the manufacturer’s instructions. A primer set (BF, 5¢-CAC-
TTGAGCAAYCGTCGTRT-3¢; BR, 5¢-CCTTCAGGAGTYT-
CAATNGG-3¢) was designed from the rpoB sequences of
Porphyromonas cangingivalis (GenBank accession no. Y16470)
to amplify an rpoB DNA fragment, which belongs to one of
four conserved domains [14,15] (Fig. 1A). Template DNA
(c. 50 ng) and 20 pmol of each primer were then added to a
PCR mixture tube (AccuPower PCR PreMix; Bioneer, Daej-
eon, Korea) containing 1 U of Taq DNA polymerase, 250 lM
each dNTP, 50 mM Tris-HCl (pH 8.3), 40 mM KCl, 1.5 mM
MgCl2, and gel loading dye. The final volume was adjusted
to 20 lL with distilled water. The PCR comprised 30 cycles
of 30 s at 95C, 30 s at 48C and 30 s at 72C, with a final
extension step of 72C for 5 min, performed in a Model 9700
Thermocycler (Perkin-Elmer Cetus, Warrington, UK). The
PCR products were detected on agarose 1.5% w ⁄v gels
stained with ethidium bromide, and were then purified with
a QIAEX II gel extraction kit (Qiagen, Hilden, Germany) for
sequencing.
Table 1. Bacterial strains used in this study
Bacteria Strains Accession numbera
Bacteroides caccae JCM 9498 AY338176
Bacteroides distasonis ATCC 8503 AY338177
Bacteroides eggerthii ATCC 27754 AY338178
Bacteroides fragilis ATCC 25285 AY338179
ATCC 43859 AY338180
GAI 97124 AY338181
GAI 20306 AY338182
Bacteroides merdae JCM 9497 AY338183
Bacteroides ovatus ATCC 8483 AY338184
Bacteroides stercoris JCM 9496 AY338185
Bacteroides tectus JCM 10003 AY338186
Bacteroides thetaiotaomicron WernerE-50 AY338187
Bacteroides uniformis ATCC 8492 AY338188
Bacteroides vulgatus ATCC 8482 AY338189
Porphyromonas asaccharolytica NCTC 9337 AY338190
Porphyromonas gingivalis 381 AY338191
Prevotella corporis JCM 8529 AY338192
Prevotella melaninogenica ATCC 25845 AY338193
Other bacterial species tested
Bacillus subtilis
Corynebacterium diphtheriae
Staphylococcus aureus
Staphylococcus epidermidis
Streptococcus equi
Streptococcus faecalis
Streptococcus pneumoniae
Streptococcus pyogenes
Mycobacterium fortuitum
Branhamella catarrhalis
Enterobacter aerogenes
Escherichia coli
Helicobacter pylori
Haemophilus influenzae
Klebsiella pneumoniae
Neisseria sicca
Peptococcus sp.
Pseudomonas aeruginosa
Salmonella typhi
Shigella flexneri
aGenBank accession numbers of rpoB sequences determined in this study.
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16S rRNA gene amplification
The 16S rRNA gene (c. 1400 bp) was amplified from the same
reference strains using primers 16F (5¢-AGAGTTTGA-
TCCTGGCTCAG-3¢) and 16R (5¢-TACGGCTACCTTGTTACG-
ACTT-3¢) [11]. PCRs comprised 30 cycles of 15 s at 96C, 30 s at
50C and 3 min at 72C, followed by purification of PCR
products as described above.
DNA sequencing
The sequences of the purified PCR products were determined
using an ABI377 automated sequencer and a BigDye Termi-
nator Cycle Sequencing kit (Applied Biosystems, Warrington,
UK). Purified PCR products (30 ng), forward or reverse primer
(2.5 pmol), and 4 lL of BigDye Terminator RR Mix were
mixed and adjusted to a final volume of 10 lL using distilled
water. The sequencing reaction (30 cycles of 15 s at 95C, 5 s at
50C and 4 min at 60C) was performed in the presence of
dimethylsulphoxide 5% v ⁄v. Both strands were sequenced to
enable cross-checking.
Phylogenetic analysis
Unambiguous rpoB sequences (317 bp) of the reference strains
were aligned using the CLUSTAL X multiple alignment
program [16], and the amino-acid sequences were deduced
using the MegAlign program (Windows v.3.12e; DNASTAR,
Madison, WI, USA). Phylogenetic relationships were inferred
from the DNA sequences using the neighbour-joining method
in PAUP [17,18], with the maximum-likelihood distance
option. This method is used widely for phylogenetic analysis.
The branch supporting values were also evaluated, using 1000
bootstrap replications. Species identification of the clinical
isolates was based on the rpoB and 16S rRNA gene sequences,
which were used to evaluate intra- and inter-species similar-
ities and for the purpose of phylogenetic reconstruction.
Bacteroides genus-specific PCR and B. fragilis-specific PCR
Based on the comparison of aligned rpoB sequences of
Bacteroides, Porphyromonas and Prevotella spp. with the avail-
able rpoB sequences of other bacterial species, a Bacteroides
genus-specific primer set was designed (BacF, 5¢-AA-
TGARGTRTTTACTCCG-3¢; BR, 5¢-CCTTCAGGAGTYT-
CAATNGG-3¢) that was able to amplify a 247-bp rpoB
fragment only from Bacteroides spp. (Fig. 1B). A further primer
set (Bfr-F, 5¢-GATCAATTCATTCTTCGGAA-3¢; Bfr-R, 5¢-
CTTTCAATGGGACAAAGGCGT-3¢) was used to amplify a
B. fragilis-specific 185-bp rpoB fragment (Fig. 1C). Bacteroides
genus-specific PCR and B. fragilis-specific PCR were per-
formed as described above, but with an annealing temperature
of 55C.
Specificity of PCR procedures
In order to demonstrate that the presence of other DNA did
not inhibit the specific PCRs, both reactions were performed
with samples in which B. fragilis and Escherichia coli DNA were
mixed at 1:2 and 1:5 ratios. The PCR products were then
purified and cloned into a TA plasmid, using a TA cloning kit
(Invitrogen) as recommended by the manufacturer. Ten E. coli
transformants were selected randomly from each reaction,
cultured, and used to prepare plasmid DNA. The nucleotide
sequences of the cloned rpoB DNAs were determined directly
from the purified plasmids using M13 forward and reverse
primers (provided in the TA cloning kit).
Nucleotide sequence accession numbers
The rpoB sequences of the 18 reference strains were deposited
in the GenBank database, under accession numbers AY338176–
AY338193 (Table 1).
RESULTS
Nucleotide sequence similarity
Table 2 summarises the rpoB sequence similarities
among the reference strains and clinical isolates.
Among the Bacteroides spp., the inter-species
nucleotide similarities ranged from 79.2% (Bac-
teroides eggerthii–Bacteroides merdae and Bacteroides
distasonis–Bacteroides vulgatus) to 92.4% (Bactero-
ides ovatus–Bacteroides thetaiotaomicron). These val-
ues are lower than those observed for the 16S
rRNA gene (91.1–96.9%). Relatively low similar-
Bfr-RBfr-R
185 bp(C) 501 562
1502 1686
BacF BR
247 bp(B) 484 565
1449 1695
BF BR
358 bp
(A) RifR region
448 565
1338 1695
Amino-acid
Nucleotide 1518 1596
507 533
Fig. 1. Schematic structure of rpoB DNA amplified with three different primer sets. (A) Positions of primers (BF and BR)
used for the amplification of the 358-bp rpoB fragment for rpoB sequencing in this study. (B) Positions of Bacteroides genus-
specific PCR primers (BacF and BR) used to amplify the 247-bp rpoB fragment. (C) Positions of Bacteroides fragilis species-
specific PCR primers (Bfr-F and Bfr-R) used to amplify the 185-bp fragment. RifR indicates a rifampicin resistance-related
region. The numbering of nucleotides and amino-acids is based on the rpoB sequence of Escherichia coli (GenBank accession
no. V00339).
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ity levels were observed when Bacteroides spp.
were compared with strains from the other two
genera, Porphyromonas and Prevotella. The Bacter-
oides spp. and the Porphyromonas and Prevotella
spp., all of which are considered to be related
closely, could be separated readily by compara-
tive sequence analysis of rpoB.
Phylogenetic relationships
A phylogenetic tree based on the rpoB nucleotide
sequences of the 18 reference strains was con-
structed by the neighbour-joining method (Fig. 2).
The topology of the rpoB tree was similar to that of
the 16S rRNA gene tree (Fig. 3) [6,19], except for
the position of the B. distasonis — B. merdae
cluster. Although it was not strongly supported
by bootstrap analysis, these species demonstrated
a closer relationship on the rpoB tree with Bacter-
oides spp. than with the Prevotella and Porphyro-
monas spp. (Fig. 2), whereas they were outside the
Bacteroides spp. grouping, and grouped with the
Porphyromonas spp., on the 16S rRNA gene tree
(Fig. 3) [19]. However, the positions of other
clusters on the rpoB tree, including the Bacteroides
caccae–B. ovatus–B. thetaiotaomicron and B. eggerthii–
Bacteroides uniformis–Bacteroides stercoris clusters,
were congruent with their positions on the 16S
rRNA gene tree.
Deduced amino-acid sequence similarity
The amino-acid sequences (R454 to C559 in E. coli
numbering; GenBank accession number V00339)
of the tested strains, as deduced from the ampli-
fied rpoB fragments, were then compared with the
known sequences of E. coli and Mycobacterium
tuberculosis. Only one or two amino-acid changes
were detected among the B. fragilis strains. Sub-
stitutions related to rifampicin resistance were not
detected in any of the strains tested.
Table 2. Intra-species and inter-species rpoB sequence similarities of Bacteroides, Porphyromonas and Prevotella spp. used in
this study
Bfr-I Bfr-II Bca Bdi Beg Bme Bov Bst Bte Bth Bun Bvu Pogi Poas Prco Prme
Bfr-I 98.1–100 88.9–91.8 84.2–85.5 82.6–84.2 85.2–85.8 83.3–84.2 87.1–88.6 86.4–87.1 84.9–85.2 87.7–89.6 84.2–85.5 84.2–85.5 75.4–76.0 68.1–68.8 73.8–74.4 78.5–79.2
Bfr-II 99.1–100 87.4–88.3 85.8–86.4 83.9–84.2 84.9–85.8 87.7–89.6 85.8–86.4 87.4–88.3 89.3–91.8 84.5–85.5 82.6–83.9 77.0–77.3 69.4–69.7 75.4–79.5 80.8–81.1
Bca 99.4–100 81.4–82.0 80.4–80.8 87.1–87.4 89.9–91.2 84.5–84.9 85.8–86.1 91.2–91.8 82.6–83.3 82.6–83.6 79.2–79.5 69.4–69.7 79.2–79.5 76.7–77.0
Bdi 99.1–100 82.3–82.6 85.8–86.1 83.0–84.2 81.7–82.0 80.4–80.8 84.2–85.8 79.8–80.4 79.2–80.1 77.9–78.5 71.0–71.3 75.1–75.4 76.0–77.0
Beg – 79.2 81.4–83.6 88.6 82.6 82.6–83.0 87.7–88.0 79.5–79.8 76.0 73.8 76.7 78.2
Bme – 84.6–86.1 82.6 84.9 85.8–86.4 79.8–80.1 85.2–85.5 79.2 73.2 74.8 77.0
Bov 93.1–100 83.3–84.2 83.3–84.5 91.2–92.4 83.0–84.2 83.9–85.2 76.0–77.6 70.0–72.2 75.1–76.7 78.9–80.4
Bst – 85.8 86.1–87.1 88.3–88.6 86.4–86.8 78.9 71.6 77.3 76.7
Bte – 86.1–87.4 85.2–85.5 82.3–82.6 78.5 69.4 72.9 73.5
Bth 97.1–100 84.2–85.2 85.8–86.4 79.5–80.1 71.9–72.2 76.0–76.7 77.9–78.5
Bun 99.7–100 83.6–84.2 74.4–74.8 72.6–72.9 76.0–76.3 76.7–77.0
Bvu 99.7–100 77.6–77.9 71.0–71.3 76.7–77.0 78.2–78.5
Pogi – 74.4 73.8 71.6
Poas – 66.2 69.7
Prco – 82.3
Prme –
Bfr-I, Bacteroides fragilis division I; Bfr-II, B. fragilis division II; Bca, Bacteroides caccae; Bdi, Bacteroides distasonis; Beg, Bacteroides eggerthii; Bme, Bacteroides merdae; Bov, Bacteroides
ovatus; Bst, Bacteroides stercoris; Bte, Bacteroides tectus; Bth, Bacteroides thetaiotaomicron; Bun, Bacteroides uniformis; Bvu, Bacteroides vulgatus; Pogi, Porphyromonas gingivalis; Poas,
Porphyromonas asaccharolytica; Prco, Prevotella corporis; Prme, Prevotella melaninogenica.
B. fragilis ATCC 43859 
B. fragilis GAI 97124 
B. fragilis GAI 20306 
B. fragilis ATCC 25285 
B. eggerthii 
B. uniformis 
B. stercoris  
B. tectus  
B. caccae 
B. ovatus 
B. thetaiotaomicron 
B. vulgatus  
B. distasonis  
B. merdae 
Prevotella corporis  
Prephyromones melaninogenica 
Por. gingivalis 
Por. asaccharolytica 
0.05 
53 
71 
100 
74 
77 
56 
100 
99 
B. fragilis YCH32
100 
cfi-negative 
cfi-positive 
Fig. 2. The rpoB tree of 19 reference strains, constructed by
the neighbour-joining method in PAUP. The midpoint
rooting method was used to root this tree. The branch
lengths are proportional to the changes in the nucleotides.
Branches supported by >50% of the bootstrap analyses
(1000 replications) are indicated. The scale bar represents
five substitutions ⁄ 100 nucleotides.
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Identification of clinical isolates
Clinical isolates of Bacteroides spp. were identified
by comparing their rpoB nucleotide sequences
with the phylogenetic tree. The concordance
between rpoB sequence analysis and the API 20A
microsystem results was 85%. Of 80 cultured
isolates, 12 (15%) were re-identified on the basis
of their rpoB sequences (Table 3). Compared with
the API 20A microsystem, discrepancies were
observed with two isolates of B. distasonis, three
isolates of B. uniformis and seven isolates of
B. vulgatus. The results of rpoB sequence analysis
were confirmed by the results of 16S rRNA gene
sequence analysis.
Very high nucleotide similarities among the
rpoB sequences of the clinical isolates of B. caccae,
B. distasonis, B. uniformis and B. vulgatus were
observed, whereas those among B. fragilis, B. ov-
atus and B. thetaiotaomicron were relatively low,
i.e., intra-species divergences were more pro-
nounced in the latter species (Table 2).
The sequence similarities between the cfiA-
negative (division I) and cfiA-positive (division
II) B. fragilis strains ranged from 88.9% to 91.8%
with respect to their rpoB sequences (Table 2).
However, in terms of divergence, the dissimilarity
between these two divisions was similar to, or
more pronounced than, several inter-specific dis-
similarities (Table 2). In addition, the divergence
between B. fragilis division II and B. thetaiotaom-
icron was no greater than the divergence between
B. fragilis division I and division II.
PCRs specific for the Bacteroides genus and for
B. fragilis
The genus-specific PCR amplified rpoB DNA
(247 bp) from the reference Bacteroides strains,
but not from Porphyromonas, Prevotella or any
other bacterial strains tested. The B. fragilis-speci-
fic PCR amplified rpoB DNA (185 bp) from all of
the B. fragilis strains, but not from any of the other
Bacteroides or non-Bacteroides spp. used in this
study. Thus, the sensitivities and specificities
were both 100% for each PCR (Table 4). When
the B. fragilis-specific PCR products amplified
from the mixed DNA samples were cloned and
sequenced, all were identified as B. fragilis DNA.
DISCUSSION
To date, several molecular methods, e.g., specific
hybridisation probes, species-specific PCRs and
PCR–restriction analysis, are available for the
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Fig. 3. The 16S rRNA gene tree of 19 reference strains
constructed by the neighbour-joining method in PAUP (see
Fig. 2).
Table 3. Comparison of the identification results for 80
clinical isolates obtained using the API 20A microsystem
with those obtained by rpoB and 16S rRNA gene sequence
analysis
API 20A microsystem Sequence analysis
Species n Species n
Bacteroides caccae 3 Bacteroides caccae 3
Bacteroides distasonis 7 Bacteroides distasonis 5
Bacteroides ovatusa 2
Bacteroides fragilis 46 Bacteroides fragilis 46
Bacteroides ovatus 2 Bacteroides ovatus 2
Bacteroides thetaiotaomicron 6 Bacteroides thetaiotaomicron 6
Bacteroides uniformis 4 Bacteroides uniformis 1
Bacteroides fragilisa 2
Bacteroides thetaiotaomicrona 1
Bacteroides vulgatus 12 Bacteroides vulgatus 5
Bacteroides caccaea 6
Bacteroides uniformisa 1
Total 80 Total 80
aIsolates given a different species identification following sequence analysis.
Table 4. Sensitivity and specificity of Bacteroides genus-
specific PCR and Bacteroides fragilis species-specific PCR
performed with DNA from cultured bacteria
Bacteria
PCR
Bacteroides
genus-specific PCR
+ ⁄ –
B. fragilis
species-specific PCR
+ ⁄ –
B. fragilis (n = 52) 52 ⁄ 0 52 ⁄ 0
Non-fragilis 46 ⁄ 0 0 ⁄ 46
Bacteroides spp. (n = 46)
Other bacteria (n = 24) 0 ⁄ 24 0 ⁄ 24
Sensitivity (%) ⁄ specificity (%) 100 ⁄ 100 100 ⁄ 100
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identification of Bacteroides spp. [3,20–22]. Several
molecular methods for the specific identification
of B. fragilis have also been described [23–26]. The
present study investigated genetic relationships
among reference strains of Bacteroides, Porphyro-
monas and Prevotella, based on their rpoB se-
quences, and evaluated PCRs specific for the
genus Bacteroides and for B. fragilis.
The alignments of the rpoB nucleotide se-
quences allowed each species among the tested
genera to be distinguished. Minor incongruence
was observed between the rpoB and 16S rRNA
gene trees for B. distasonis and B. merdae [6,19].
This suggests that the grouping of species within
the Bacteroides genus has been preserved during
bacterial evolution, and that the clustering of
Bacteroides spp. on the rpoB tree may be regarded
as stable. Evolutionary inferences based on a
single gene, such as the 16S rRNA gene, can prove
problematic [27], and this has been overcome in
several groups of bacteria by using rpoB [8–10,12],
either alone or in combination with 16S rRNA
gene sequences.
There has been some concern that commercial
systems for the identification of Bacteroides spp.
might generate ambiguous or erroneous results.
The present study identified 12 discrepancies (two
B. distasonis, three B. uniformis and seven B. vulg-
atus) among 34 non-B. fragilis isolates following
rpoB sequence analysis. This indicates that rpoB
sequences can be useful for the efficient molecular
differentiation and identification of Bacteroides
spp., based on low intra-species sequence diver-
gences (<1%). In order to be a good target gene for
the differentiation or identification of a species, it is
crucial that a gene exhibits a low level of intra-
species divergence. However, a high or moderate
level of inter-species divergence is also required
(7.6–20.8% for rpoB). If the level of inter-species
divergence is too low (i.e., highly conserved, aswas
the case with 16S rRNA gene sequences, which
showed a divergence of 3.1–8.9%), problems with
molecular methods can be expected.
Intra-species divergence among isolates
belonging to the B. fragilis group was observed,
perhaps because of the known subgroupings
among bacteria belonging to this group, i.e.,
cfiA-negative and -positive strains of B. fragilis,
two subgroups of B. ovatus, and two subgroups of
B. thetaiotaomicron. Two distinct B. fragilis sub-
groups (i.e., homology groups I and II, cfiA-
negative and cfiA-positive, and divisions I and II)
have already been described [13,19,28,29].
Although the DNA homology (64–72%), as deter-
mined by DNA–DNA hybridisation [30], was
quite close to the limit for delineating species [27],
the 16S rRNA gene sequence similarity values
(98.4–98.9%) [19] were well within the limits for
delineating a single species [31]. Despite the
absence of any obvious metabolic differences
between B. fragilis isolates in divisions I and II
[20], the remarkable genetic divergence of the
rpoB sequences between these two divisions, as
well as the level of homogeneity within each
division, strongly supports the notion that these
are two genetically distinct groups.
As no genetic divergences within B. ovatus and
B. thetaiotaomicron isolates have yet been reported,
it should be noted that their population structures
based on rpoB sequences may not be homogen-
eous. Although only a small number of isolates
(five strains of B. ovatus and seven of B. thetaiota-
omicron) were analysed, it can be cautiously
suggested that both species contain two distinct
subgroups, which were not detected by 16S rRNA
gene analysis. However, there is no evidence of
accompanying phenotypic variation. In addition,
the divergence of the deduced amino-acid se-
quences was much less profound than the diver-
gence of the nucleotide sequences, as has been
reported previously with other bacteria [9,11].
In conclusion, rpoB sequence divergences not
only allowed the various Bacteroides spp. to be
distinguished, but also allowed the development
of a Bacteroides genus-specific PCR and a B. fra-
gilis-specific PCR. The B. fragilis-specific PCR
performed well with mixed DNA samples.
Although these assays were not applied to pri-
mary clinical samples, such as material from
abscesses, the results obtained from the cultured
bacterial DNA and spiked DNA tests suggest that
they are reliable.
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